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co ABSTRACT: A met hod i%. ru:ported tor "tim-wing shooting distance ' y coniparing the amount of00 bullet 6eforrnition of a recovered bullei with that produced in a tries of test bullets Pred into
00 10`6 ordnance g,-latn ati 4"C. Bullet deformationi anJ fragmcita-tion pakttern~ in this gelatin was

previously found io be comparable to thai seen in living animal muscle. Striking velocitics of the
t,,t bolkis ,,,c io,,.,:d uqewise unlil a test buikil wa, produced wiih les% deformity tha n the
evidence bullet. Two shnut% were then made through the abdomen of a fresh sw'ne ca3daver at
elticitics apprtiximatiog those of the [a-st two test %hotA in gelatin. This sýe~rvd a% vcrification )f

thc gelatins' calibration against animial tissuc and gave an a dditional %ct (if bullets whiose dcgrees
ot deformation bracketed that of the evidence bullet. S-parate in~crpoiations were done for bulle-t

l enghtcragc hbijlei uip diamecter. andt bullet we'ight utin~g both %ets of bracketing test brictv.
thei resultiing vclocities were then converted it, uslances using the inArufA;-turerrs vciouttv table'
Ithe avefage o, the interpolations was 2%6 yd% (234 mn): all six fell within 4 ronge: of 33 yis (31) m)
(fronm 23$ to 2"l yds 1218 to Z48 nil). 0

KEYWORDS: criminlalitiks. ballisties. wound ballistics -

A man was killed while deer hunting in California in autunin t91$5. Thei fatail wound As%
inflicted by j i g bullet Which entered the tipper area of the abdoenit antitritirl '. exited
poste-icr~y nfter injlurin;g towel. firvir. and hticny. arnd vsas ciptured in a packuack whikh the
titn was Wearing.

LhOcUnty in 4CstiS,1ating4 offiCials soiugbl tlie aid of the Calitornia D1cpartiicn, tif luftice
Criminalistk Ubburatory in evaluating the rowc-td bullet. Frott riffitgtak adble
11orpciologv. it was determined to 1we a Fcderal 150 graitn wof-point litllet fired front 3 V0.0
Martin lever aCti11 tifle. Tbt ins-estigtors had rea,.on towsspect homicide in this particualar
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case and were especially interested in knowing the distance from which the shot had been
made. Homicide was considered less likely if the shooting distance was over 100 yds (90 in).

Personnel at the State Criminalistics Laboratory were aware of work done at the Wound
Ballistics Laboratory of the Letterman Army Institute of Research on calibrating ordnance
gelatin against animal tissue to reproduce quantitatively both bullet deformation and tissue
disruption. They asked if this technology might be of use in estimating the distance traveled
by the bullet before entering the body.

Unlike other tissue simulants, that used at the Letterman Army Institute of Research
(10% ordnance gelatin shot at 40C has been shown to reproduce the bullet deformation and
fragmentation pattern seen in living animal muscle 11-31. Although the gelatin calibration
was done using muscle, it has recently been found to show similar results in soft tissue shots
of the abdomen as well.4

Since bullet deformation in tissue is a function of the velocity with' which it enters the
tissue, a series of bullets of progressively lower striking velocities was shot into gelatin to
estimate the shooting distance. Sufficient gelatin thicl~ness was used to captLore ,he entirc:
bullet path and recover the bullets. The evidence bulle, was theni conp~ired with the C?,-*
tured bullets and found most closely to resemble the bul'ets ... th striking velocities cc..re-
sponoing to ', shooting distance between 200 and 300 :;ds ( 183 and 274 in). Trwc more Shots
were then dope thsough tht. abdomen of a fresh swine cadavcýr at velocities corresponding to
zhis distance and similar degrees of hullet deformaition w,. c produced.

Method

Ail shots were made with the target 'urface 10 ft (3 mn) from the rifle nmuzzle. and vetocii~es
were measured with a Model 0064 T chronograph inad-. by Electronic Co~unter- Inc.,Sosset.

-NY. Impulses to 3ctivate the counter were generated as 'uetbr-ke a circuit ')f metal foil
oa thin paper screens that were spaced 50 cm apart and placed between the muzzle and
target surface. All shots -,ere fired %&ith Fe('eril 150 grain soft-point bullets in 301.30 Win-
chester caliber (to match the eviderce bulle:t) fromn a Winchester Model 94 lever-action rifle.

VITwo 25. by 25. by 50-cm biocks of 1O% ordnance gelatin were placed end to end for tach
of tile lour shots into gelat~r. t;) instre c-ipturing the entire buillet path. - uclatin tvmpcrattme
(or each shot was 4'C. Based onl lte penetration depths observed in these shots (maximium of
64 cm' a single gelatir~ block was placed against the predicted exit site onl the 25-cm-thick
abdomen oi the swine cadaver. The swi~ic had bcen deadJ for 15 min at the tim.2 of the first

shot and 20 min at the tunit of the second shot. The shot% through the sw-ine abdothen were
mnade tranisversely, the bullet path at 940' to lthe longc axis of ihe btdy. All %hot% were captured
in the gelatin.

Rateis

Figure I shows thc evridenice bullct (No. 4) compared to thle %Mei of bullet- coizght in
gelatin. Table I shows a compilatimi of strikinR %clkwities and vneasuremecnts of bullet
lengrths. diameters of the expanded bullet tip!;. and weijght% of the recovered biullets. TheI digninsions and weight of thie evidecem bullet are intcluded in Table I under lthe vicrticil
column headed F.D.i

As expetted. as strisking velc~ity decrease(). bullet lenrth increased. tip dzamneter te-

creased, and bullet %xeight increalied( (as a rciý.!t of hss% bul let frignirwnatiorla.
As shown in Table I. length of the evidenve bullet was 54% of the dstancc betweenl thle

bullet %hot at 1602 ft/s(4-44 n/s) and the one shot at 1493 ft . t45S rn %). 1!sing~lsis peren~t
age figure thle evidenice bullet would have an isatcrpoalctd velocity of 1543 ft s. (47Pl mr '

'MI. L. F.ickki-. unpublitshed data. 19M.4
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BLL 1 2 3 4

"VLo( 1E 2333 1953 1602 EVIDENCE 1493

BIILLLT- 120.0 1.17.8 143.6 145.0 150.0
WEIMaf I(RAINS1

*FEDERAL 30-30 WVirkndtnIr ISO pain bulle,

FEDERAL BALLISTIC DATA.
DISTANCE: muult 100 yds 200 yd 3400 irds

AlTOX. VELOCITY 2390 2020 1680 1400

FIG. I -Photograph comparing gross appearance of the evidence bullet (4) with thefj~ur test bullets

fired into gelatin.

'A BLE I -Me'asuremzents of physical characteristics of recovered bullets fired into ordnance
gelatin and sivine abdomten."

Bulket
velocity, 2333 1453 1 t59,) 1602 E. B.' 1493 1 45 8 "

Bullet
length, 0.433 0.574 0.()t), 0A186b o.12t 0. 7t)( 0.76 1
in.

flulkit tip max 0.713 ()._14- 0.504; (0.4,81 0. 4 '0 0.439 0.400

diameter, min 0.651 0.511) 0.440 0.449 (0.400 0.436 0.4 4h
inI. ave 0.68Ž 01. 64 0.473 0.4t65 0.435 0.431h 0.424

Bullet
Weight. 120.0 1.37.8h 134.5 1431.3 145. 0 150.0 147.0
grainx

It ft '. 0.304I8 to andl I in. 2.541 cmI.
'Inldicate% %htoh donc thirough alidomen-. of frrsh pig cdatter.

F B. rcder% to evidence bullet.

Using t~ %aytte interpolation method %%ith the average: bullet tipl dianieter ;% [tic experImecn-

titl VaritlblE. the CVidener 11tillct wkould have a vekecitv of I .181 ft % (451 tit %). asnd bawd onl
bullet Wejight the evidelicc billect velocitv x% otld te 1 55 it % (-h8 III %).

t-v additional wet of Calevu attionm uitilg the two bulleix %hot through the frcexh xx'inc abdo r

men N. :Wdd an interpodated velocity of 1534 ft % (-W8 it lm bwd on bullct kcnith. 1502 ft

(458 ti `-)x bawd on ax-erat.- tip diameniter, and 1512 i -, 06! in -,) lmaxd on bulk, 'aeigiv

Another wct of intltpolatioli- ux-ing tr lITIwFRAL. Cartridge Co. 11allimxic Data tablex

(peCtfine~nt part% of thoe iabflc% are xhoxmn in Fig. I I via% awmcibiled ito determinec Ihc dixtancr%

front 11hC gull Iuneif that %Aoukl correxpond to thc wcnitwiic, dcrived ablove. Thcw c'ixtane,'

are:

154.1 ft % (4-0 tri %) corrryxondx to 2-11 vd% (22S tsi).

1401 ft % (451 tit %) correpond% toi 2'1 YIN (24S m).

1575 ft, % (480 in %) eorrexpond% to 23.1 v(dx (21S til.

3534 fv% 06 on,%)i cc orrexpmiudx it) 252 ydi (1.10 m).i
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1502 ft/s (458 m/s) corresponds to 264 yds (241 m), and
1512 ft/s (461 m/s) corresponds to 260 yds (238 m).

The average of the above distances is 256 yds (234 m) and the spread is 33 yds (30 m).

Discusslon

The purpose of calibrating a tissue simulant against living animal tissue was to obtain a
data base from which soft tissue disruption caused by a penetrating projectile could be esti-
mated with a reasonable degree of accuracy. The disruption type, quantity, arid location
along the projectile path are the pertinent, measurable variables; they are determnied reli-
ably from 25. by 25- by 50-cm blocks of 10% ordnance gelatin at a temperature 4'C into
which the projectiles are shot. This simulation technique is the basis of the wound profile
method developed at the Letterman Army Institute of Research for studying and teaching
the principles of wound ballistics 1I1. Bullet recovery and correlation of its deformation and
fragmentation behavior with the damage produced has been an important part of these stud-
ies 1.31.

The query by the California Department of Justice Criminalistic Laboratory concerning
the determination of shooting distance from a recovered soft-tip bullet led to what appears to
be a useful extension of the wound profile technique. It is well known that "mushrooming"
or tip-flattening expansion of the soft-tip or bollow-point bullet increases with increasing
striking velocity. It seems logical, therefore, to use this fact to estimate the striking velocity
from the degree of bullet deformation. This is, in fact, what was done.

The close agreement of the data presented here, that is, from the gelatin and the swine

abdomen for all three physical parameters of bullet deformation (length. tip diameter.
weight loss), supports the conclusion that the evidence bullet was most likely fired from a

distance of 200 to 300 yds (183 to 274 m).
Certain cautions need to be mentioned in the application of the method presented. First,

valid results can be expected only if the tissue simulant used has been shown to deform the
bullet to the same degree as animal tissue. We found it necessary to change the concentra-
tion of the ordnance gelatin from the commonly used 20% to the 10% we now use to achieve
this ecd in 1982, concomitant with the deve~opment of our wound ballistics research pro-
gram (11. Second, the evidence bullet must not have struck bone during its path through the

body; this would cause more deformation thAn soft tissue and the resultant physical evidence
would be misleading. Third, the evidence bullet must be matched to the te,%t bullets in terms
of weight, construction, ant! manufacturer. Variations in thickness and hardness of L-ullet

jacket and hardness of the .ead core can be expected to vary between manufacturers and
might well cause variations in bullet deformation and fragmientation patterns. The best cir-
'umstance would be to have test bullets from the %ante box a% the evidence bullet. Shrx-ting
test bullets front the same rifle as the evidence bullet would alsu be ide,-l. but in this case that
was not possiblk. The Model 94 Winchester fised for this ,tudy had a 20-in. 051 -cm) barrel.

The evidence bullet was shot frorn a Marlin tI-,,er action rifle but there is no way to determine
whether the weapon used was a Model 336C which ha% the sianc harrcl length, or a Mto-tel
336A which has a 24-in. (6b -cm) barrel. If the evidence bullet was, shot from a 24-in. (0) -cm)
barrel, the effect would be to increase the estimated distance by approxilnatel 30 ydS (27 ml
(equivalent to an increase in mlOnt-e velocity of about 100 ft !, 130 fn s%). Th1is increase woukl
not rnAterially alter the conclusion obtained in the present investigation. but could be a ftc-
tot to consider in other possible applicatito. )f thi method prrented.

co"Il"

The purpo.•c of tist, remort is to present the basic methold of a technique that should provc

useful in cases where information on Ohooting distance is critical and the bullet has been

rcco,-ered.
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The close and consistent relationship of bullet detormation to striking velocity seen in the
results of this case report are in agreement with published work from the Letterman Army
Institute of Research 1I..?1, a large body of unpublished data. and data in preparation for
publication at the same institution. Had a more exact determination of shooting distance
been required or had this evidence been prepared for use in court, more %hots would have
been made in the fresh animal cadaver.

It is felt that the use of bullet deformation to determine shooting distance is a fruitful area
for further research.
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